Dictionary
Ontology is a hierarchical data structure containing all the relevant entities and their relationships and rules within that domain (en.wikipedia.org/wiki/Ontology).
Critical thinking is a logical and reflective thought which focuses on a decision in what to believe and what to do (Ennis, 1985) .
Meaningful learning is achieving deep understanding of complex ideas that are relevant to students' lives (http://www.projecttime.org/about/meaningfulLearning.html).
Research motivation
The new generation of World Wide Web (WWW) is the Semantic Web -a mesh of information linked up in a way that is easily processable by machines, on a global scale. Potentially, it is an efficient way of representing data on the World Wide Web, or as a globally linked database. The Semantic Web was thought up by Tim BernersLee, inventor of the WWW, URIs, HTTP, and HTML. Unlike the existing WWW, where data is primarily intended for human consumption, the Semantic Web will provide data that is also machine processable. This will enable a wide range of intelligent services such as information brokers, search agents, information filters etc., a process that Berners-Lee describes as "Bringing the Web to its full potential" (Berners-Lee, 1998) . The Semantic Web is still under development, e.g. by enhancing the current technology with single graphic and textual model as it's represented in Visual Semantic Web (Dori, 2004; Dori, 2002a) . New approaches can also help to solve UML problems, e.g. to integrate structure and behavior in a single model while becoming simpler and more user friendly (Dori, 2002b) .
The development of ontologies will be central to this effort. Ontologies are meta data, providing a controlled vocabulary of terms, each with an explicitly defined and machine processable semantics. By defining shared and common domain theories, ontologies help both people and machines to communicate more effectively supplying complete and unambiguous representation of a system under development (Dori, 2003 (Barak & Rafaeli, 2004; Ward & Newlands, 1998) .
Among its many applications, the Web serves as a tool for designing new learning environments (Barak, Lipson & Lerman, 2006; Dori, Barak & Addir, 2003) and creating learning communities (Barak & Rafaeli, 2004) . Although web-based technologies are considered to be commonly used for educational purposes, many of them focus merely on knowledge transfer.
In our ever-changing and challenging world citizens are required to go beyond the ability to retrieve information. They need to be able to think critically and base their decisions on rational thinking. Therefore, rather than using the power of computer technologies to disseminate information, they should be used for engaging learners in reflective, critical thinking about the ideas they are studying (Jonassen, Carr & Yueh, 1998 ).
Critical thinking is defined as a logical and reflective thought which focuses on a decision in what to believe and what to do (Ennis, 1985) . Critical thinking involves a variety of skills such as the individual evaluating the source of information, analyzing its credibility, reflecting on whether that information is consistent with their prior knowledge, and drawing conclusions based on critical reading and understanding (Kuhn, 1999) .
The development of critical thinking skills is required in order to facilitate the transition of knowledge into responsible action (Barak, Ben-Chaim & Zoller, 2007; Zoller, 1999) . Meeting this challenge requires, among other skills, the development of critical reading, question posing, problem-solving, and decision-making capabilities, 4/23/2007 4 based on a framework of rational thinking (Ennis, 1989; Jonassen, Carr & Yueh, 1998; Kuhn, 1999) .
Leveraging Web-based technologies to enhance meaningful learning and critical thinking requires the designing of new platforms. One way of doing so is integrating visualizations and virtual learning environments (Dori & Belcher, 2005) . For meaningful learning, knowledge needs to be presented in an authentic context. With the development of computer graphics technology, three-dimensional (3D) imaging has become a prominent tool for engaging users in authentic and situated learning.
Virtual worlds attempt to imitate the real world, but the learning experience in both worlds is essentially different. The transfer of the real world into a virtual environment is certainly not merely a one-to-one mapping, but must follow a complex logic of transformation. Learning in virtual worlds must be specifically designed for virtual environments.
Incorporating visualization as part of the educational process has been found to foster students' understanding of 3D structures, spatial ability, and meaningful learning (Barak & Dori, 2005; Dori & Belcher, 2005; Donovan & Nakhleh, 2001 ). In spite of the prevalent use of visualization and virtual worlds in the cooperative world, and the recognition of its educational value, the integration of virtual environments in schools and academia courses is still limited, mostly because of lack of appropriate technology. In this study, critical thinking is determined in terms of critical reading, questionposing, problem-solving, and taking positions.
Research goal and question

Research settings -The MOSAICA system
This research is conducted in the settings of MOSAICA -a toolbox of generic MOSAICA is designed to incorporate visual, auditory and textual information. Its pedagogical framework is based on the belief that multiculturalism is not a problem, but rather an asset, and that exposing learners to cultural diversity, and allowing them to educate themselves about diverse heritages and traditions, will ultimately lead to a shift towards a more tolerant society.
MOSAICA has three educational traits. First it is an open system that allows free access to a variety of cultural heritage items. Second, it is an educating system, designed to enhance meaningful learning and critical thinking through challenging games, riddles and animations. Third, it encourages collaborative authoring while enabling learners to share their own heritage items and knowledge.
The European Jewish cultural heritage was selected as a test case for MOSAICA.
Indeed, anti-Semitism is an archetypal case of racial and religious intolerance, and therefore a good starting point for a research project. The Jewish cultural heritage and the stories of the Jewish people were selected as a showcase for the system's usability and its effectiveness in portraying diversified cultural content and educational benefits.
MOSAICA draws on two cutting-edge technologies: (1) the Semantic Web together with ontology engineering will be used to integrate semantically-based cultural objects of varying complexity, while (2) distributed content management will facilitate seamless aggregation of highly distributed, diversified content.
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The architectural design of MOSAICA is entirely based on the Service Oriented Architecture (SOA). Accordingly, MOSAICA is envisioned as a structured collection of Web Services used at the application layer to provide the required functionalities.
A high-level architectural design of MOSIACA is schematically depicted in Figure . 
Figure 1 MOSAICA high-level architectural design
The project includes three components:
(1) A unifying framework for the ontology-based representation of cultural objects and resources, combining domain expertise with ontology engineering, (2) Tools and utilities for online communities to become actively engaged in the publishing process while contributing their knowledge and experience to creating new approaches for enhancing the presentation and accessibility of cultural resources, and (3) Interactive knowledge-driven, user-friendly interfaces that provides simplified means of searching and accessing distributed digital content through a multifaceted portal.
MOSAICA adopted OWL as the standard for knowledge representation, and selected OWL-DL as most suitable for its purposes, since it is a payoff between relative simplicity and reliability and the ability to apply logical inference.
Nevertheless, it also uses RDF N-Triple format as an intermediary output within the ontology maintenance lifecycle. N-Triple is simple for understanding and editing, and has been used by domain experts developing or improving ontologies. However, N-Triple is not used by the system. Rather, the editing output provided by the domain experts is transformed into the OWL-DL format. Finally, an innovative methodology was developed for designing Virtual Expeditions (VE), introducing a thematicallyorganized succession of virtual objects in the form of web-based resources. As a result, interactive exploration within virtual worlds made use of selection of alternative trails or was realized by examining content pre-selected through semantically based pathways.
This concept is related to the term virtual tour that became a popular WWW epithet for websites visually presenting a particular physical location (ranging from the NASA Visitors Center to real estate properties, to the human ear).
Research plan
In order to answer the research question and examine the effect of web-based virtual worlds on users' critical thinking skills, MOSAICA will be integrated as part of the educational program in different schools.
The research tools include:
1. An online survey -a closed item questionnaire, on a 1-to-5 Likert type scale, By accessing the logs we will be able to rank various resources via visitors' preferences, and study the patterns of usage in MOSAICA.
MOSAICA is a sizeable project that includes 11 participants from 8 countries so delays with school programs integration are possible. In such an event, we shall receive the appropriate data from Israeli students.
The development of the pedagogical framework and the VE's methodology will include:
• Development of a user-friendly format for editing OWL ontologies.
• Assimilating the VE tool by doing necessary adaptations.
• Designing and developing exemplary VE scenarios.
Following the development of exemplary Virtual Expeditions (VEs), the assessment of MOSAICA's potential societal and educational impact, through its integration into school programmes will include the administration of the research tools and the analysis of results.
The research timetable includes the following milestones:
• March-May 2007 -Literature review and the development of the VE methodology.
• June-July 2007 -Developing the first VE on Jewish women in science.
• August-September 2007 -Developing and validating the research tools.
• October-December 2007 -Conducting a pilot test with a small group of users.
• January 2007-March 2008-Developing two more exemplary VEs.
• April-June 2008 -Conducting the main research: users experience the VEs.
• July-November 2008-Data analysis.
• December 2008-March 2009-Writing the thesis.
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